Abstract New imaging technology allows us to study neurologic disorders that have had no previous structural basis. There have been recent reports on the involvement of nociceptive pathways in daily headache. A systematic review was performed using key words "chronic daily headache" and "imaging". This paper reviews the literature on imaging studies performed on daily headache with emphasis on the new imaging technology.
Introduction
Headache on a daily or a near daily basis occurs in about 5% of the general population. Chronic daily headache (CDH) is a descriptive term used for a heterogeneous group of conditions, which have headache on a daily or almost daily basis as a common feature. The term daily headache implies head pain on a daily or near daily basis and according to the International Headache Society (IHS), more than 15 days out of the month [1] . The new IHS to date has accepted a uniform classification, similar to the one that had been proposed by Silberstein et al. [2] . This new classification includes working criteria for chronic tension-type headache (TTH), new daily persistent headache (NDPH), hemicrania continua and chronic migraine. Of this classification, the latter, chronic migraine, is the most prevalent.
Hemicrania continua is a rare disorder which afflicts women more than men. The clinical features include unilateral headache, autonomic features similar to cluster headache and an exquisitely sensitive response to indomethacin [3] . The underlying pathogenetic mechanisms remain unclear. Similarly, the mechanisms of NDPH are unclear although patients are more likely to recall the time the headache started and antecedent illnesses such as viruses may produce persistent sensitisation of peripheral or central nociceptive pathways. This paper will concentrate on imaging of this chronic migraine, as this is the most prevalent subtype of chronic headache.
In most patients chronic migraine evolves from episodic migraine (EM). The underlying mechanisms of chronic migraine are not well known but medication overuse has been described implicitly with the popular term "transformed migraine" [4] . Routine imaging for typical chronic headache is usually normal with no evidence for structural abnormality in the presence of a normal neurological examination [5, 6] . There has been an increasing body of evidence for involvement of nociceptive pathways in CDH and migraine. The first reports came from Raskin et al. who observed that a migraine-like headache developed in patients with electrode implantation in the periaqueductal grey (PAG) [7] . Recently the rostral brainstem has been identified as being specifically involved in migraine [8, 9] . The influence of the PAG on the trigeminovascular nociception has also been studied using neurophysiological studies [10] . Using a cat model, Knight and Goadsby demonstrated a reduction in evoked trigeminal neuronal activity by stimulation of the PAG both to ipsilateral and contralateral stimulation and well localised to the ventrolateral PAG. We can now use imaging technology to identify both structural abnormalities in the pain pathways with particular attention to the PAG as well as identity differences in function of pain pathways in chronic headache.
Case reports of structural abnormalities in nociceptive pathways in chronic headache

Patient with multiple sclerosis
In a single case report a discrete sclerotic lesion in a patient with multiple sclerosis caused severe headache [11] . The patient was a 16-year-old who was previously headache free and then developed multiple sclerosis. A plaque was found in the region of the PAG which was thought to produce the migraine-like headache.
Midbrain vascular malformation
Recently a brainstem lesion in the area of PAG in a patient with CDH has been described [12] . The patient was found to have had a left-sided cavernoma in the dorsal midbrain region adjacent to the PAG.
Also, two members of a family with cavernous angiomas and mutations in chromosome 7q had chronic migraine with angiomas in the upper brainstem as compared to other family members without chronic migraine who had supratentorial lesions [13] .
From these case reports it is evident that patients with structural abnormalities in the PAG have more propensity towards developing a chronic headache disorder. We felt it was therefore worthwhile studying the nociceptive pathways of patients with daily headache using functional imaging. We had reported activation of the red nucleus (RN) and substantia nigra (SN) during a spontaneous migraine attack [14] (Fig. 1) . The patient was studied during migraine with aura while he was experiencing a quadrantanopsia. Since then we have reported activation in these same structures, RN and SN, in subjects with visually triggered migraine [15] . The RN and SN are best known for their functional roles in motor control. The RN however has also been associated with pain and or nociception [16] . Numerous animal studies have documented a response of RN neurons to a variety of sensory and noxious stimuli. In a PET study performed on normal volunteers during capsaicin-induced pain, ipsilateral activation of RN was documented. It remains to be clarified whether or not the RN or SN are involved in the pain pathways or in the motor response to pain.
These observations prompted study of iron homeostasis in the RN, SN and PAG of episodic and chronic migraine patients; elevation or decline in tissue iron is associated with altered cellular function [17] . We used high-resolution MR techniques to map the transverse relaxation rates R2 (1/T2), R2* (1/T2*) and R2' (R2*-R2) in brain, and in particular the PAG, RN and SN (Fig. 2) . These measures are sensitive to shifts in the paramagnetic properties of free iron in brain tissue and blood [18] . Representative images containing the PAG, RN or SN of a subject are shown in Fig. 2 . A positive correlation was noted between the duration of illness and the increase in R2' for the EM and CDH groups. The R2' are reflective of increased tissue iron levels in the PAG of EM with and without aura and CDH sufferers that further increase with duration of the disorder [19] . We discussed these findings as a possible cause of migraine and the burden of illness. Since this report there has been further evidence of iron metabolism changes in the RN; this study was performed in a large group of patients studied using 1.5 T MRI imaging [20] . This study further confirmed increase iron deposition in the RN and putamen in migraine patients.
Using similar technology outlined above we also had an opportunity to study a patient during CDH and EM. This case accompanies this review. The patient had a history of episodic headaches, which met the International Headache Society (IHS) criteria for migraine without aura. During her CDH phase she was overusing ergotamine tartrate and extra-strength acetaminophen daily. The ergotamine tartrate and acetaminophen were withdrawn and the patient was treated with repeated dosages of intravenous dihydroergotamine for three days. On the second day the patient became headache free and subsequently reverted to EM. The patient was imaged in the interictal period during her CDH and EM phase. During CDH phase the patient's iron levels in the RN and SN were similar to those of other patients with CDH and then reverted to levels similar to EM. The PAG however had elevated R2' levels similar to those reported in CDH and other subjects with EM.
This case exemplified functional neuroimaging changes in nociceptive pain pathways during CDH and EM. The RN and SN both showed activation as measured by increased flow and hyperoxia during the CDH phase with normalisation during EM. We can therefore hypothesise that the analgesic overuse led to dynamic changes of activation in these structures. The PAG unfortunately could not be clearly delineated during CDH but showed an increased iron deposition during EM. This is in keeping with our previous finding that iron homeostasis is selectively, permanently and progressively impaired in the PAG indicative of a permanent dysfunction in EM.
From all the evidence thus far the PAG plays a pivotal role in both EM and CDH. We have discussed first the structural abnormalities in this structure leading to a propensity for daily headache. This has further been strengthened by the changes in iron homeostasis described by the functional neuroimaging. The midbrain PAG is an anatomically heterogeneous, functionally diverse region of densely layered neurons surrounding the aqueduct of Sylvius [21] . Receiving input from the frontal cortex and hypothalamus, and projecting to the rostral ventromedial medulla thence to the medullary and spinal dorsal horn, the PAG is the centre of a powerful descending antinociceptive neuronal network. Further, the PAG can be considered a major nodal point in the central nervous system (CNS), regulating autonomic adjustments to antinociceptive, autonomic and behavioural responses to threat.
The dysfunction of PAG in migraine may explain why overuse of analgesics in EM is likely to result in CDH. In animal experiments the PAG has been shown to be intimately involved with analgesia [22] . The PAG is also intimately involved in the behavioural response to opiate withdrawal [23] . Thus a dysfunctional PAG in patients who are inherently headache-prone may develop daily headaches when exposed to analgesics. This has been demonstrated in population-based studies and in a recent systematic study performed on a group of subjects using chronic analgesics for arthritis [24] . It could be therefore hypothesised that analgesics, because of selective action on specific brain sites i.e., PAG, produce a reaction in the form of CDH due to a dysfunctional PAG in migraine [25] .
These imaging studies have helped us identify abnormal nociceptive pathways in patients who have CDH, but further studies will be necessary to document the dynamic changes we have reported in the single case report in a larger subset of patients. 
